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Abstract
Introduction and objective In elderly patients with
reduced bone quality, insufficiency fractures of the sacrum
are relatively common and are typically accompanied by
severe, disabling pain. The objective of this study was to
evaluate the feasibility of cement augmentation by RFS, as
well as to determine postinterventional leakages and pres-
ent the patients’ outcomes.
Material and method In 20 patients (18 women, 2 men)
with an average age of 80.4 (65–92) years, a fracture of
the sacrum was detected by CT and MRI. Clinically
manifest osteoporosis with QCT values of below 50 mg/
ml was found in all patients. An initially performed
conservative treatment over a period of 3 weeks did not
achieve a satisfactory reduction in the severe, disabling
pain. The cement augmentation was performed under CT
guidance by means of RFS under intubation anaesthesia.
A Jamshidi needle was advanced into the respective
fracture zone in the sacrum from dorsal to ventral (short
axis) or from lateral to medial transiliac (transiliac axis).
After removing the inner needle, a flexible osteotome
was inserted through the positioned hollow needle and
used to extend the spongious space in the fracture zone
and thus prepare a cavity for the cement filling. The
highly viscous polymethyl methacrylate (PMMA)
cement, activated by radiofrequency, was then inserted
into the prepared fracture zone through a substituted
screw cannula. Cement filling was performed discontin-
uously under instrumental guidance at 1.3 ml/min under
CT guidance. Cement leakages were determined in CT
images and conventional X-rays on the day after the
intervention. Pain was documented on a visual analogue
scale (VAS) on the day before the intervention, on the
second day, and after 6 and 12 months after the inter-
vention. Additionally occurring complications were
recorded, and the patients were asked to state how sat-
isfied they were after 12 months.
Results RFS was technically feasible in all patients. In the
control CT scans and X-rays, sufficient cement distribution
and interlocking with vital bone was found along the
course of the fracture in the sacrum. 7.2 (4–9) ml of cement
were inserted per fracture. Leakage could be ruled out. The
mean pain score on the VAS was 8.8 ± 1.2 before the
intervention, and a significant reduction in pain (p \ 0.001)
was seen on the second postoperative day, with an average
value of 2.3 ± 0.7, which was stable at 2.2 ± 1.3 after
6 months and 2.1 ± 1.1 after 12 months. All of the
patients could be fully re-mobilised and discharged back
home. A high level of patient satisfaction was found after
12 months, with 18 of the 20 patients stating that they
would undergo the intervention again. One patient died of a
stroke, another of cancer over the course.
Conclusion As a minimally invasive procedure, RFS is
an effective and safe method of treatment for rapid, sig-
nificant and sustained pain reduction.
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Introduction
If elderly patients with osteoporosis experience sudden
deep-seated low back pain, the possible presence of an
insufficiency fracture in the sacrum should be considered
as a differential diagnosis [1, 2]. These fractures usually
take a vertical course and are classified into a transalar
(type 1), a transforaminal (type 2) and a central zone of the
fracture course (type 3) [3, 4]. The fractures can occur
unilaterally or bilaterally, whereby the latter may be con-
nected by horizontal branches at the level of the first sacral
vertebra. A type 1 fracture zone is found most commonly
in the case of insufficiency fractures. This fracture course is
often characterised by the most severe, disabling pain,
localised in the lower lumbar spine and pelvic region,
while neurological deficits are an exception [2].
Up to now, the standard therapy for sacral insufficiency
fractures has been conservative treatment with bed rest and
adjuvant analgesic therapy, followed by mobilisation on a
walking frame or on forearm crutches with pain-adapted
weight-bearing [5]. A problematical aspect of conservative
therapy is the increased risk of complications such as deep
vein thrombosis, consecutive pulmonary artery embolisms,
pneumonia, decubitus ulcers, and depression, while the
immobilisation also leads to increasing muscle and bone
degeneration [6]. The development of a pseudarthrosis with
persistent pain is an additional problem of the conservative
approach [6]. Osteosynthesis is available as a surgical
treatment option, using various different techniques. As a
result of the strongly rarefied bone structure, stable con-
ditions cannot always be achieved here. The established
method is percutaneous, transiliac screw fixation [7]. As an
alternative minimally invasive form of treatment, cement
can be inserted via hollow needles, analogously to ver-
tebroplasty [8]. Rapid and virtually complete pain reduc-
tion has been demonstrated with this new method, although
leakages may occur as a complication and are not always
free of symptoms [9, 10]. Sacroplasty with balloon dila-
tation, analogous to kyphoplasty, was first performed by
Deen and Nottmeier [11] on three patients. The safe fea-
sibility of CT-guided balloon sacroplasty was later con-
firmed in a cadaver study [12] and in various clinical
studies [4, 13, 14]. For RFS, a case report [15] and initial
investigations [16, 17] have also shown good results with
regard to pain reduction.
The extent to which cement augmentation by RFS offers
advantages in technical performance and safety and how
the clinical outcome develops was investigated retrospec-
tively on 20 patients over a postinterventional period of
12 months.
Material and method
We investigated 20 consecutive patients (18 women, 2
men) retrospectively with an average age of 80.4 (65–92)
years, with a fracture of the sacrum detected by CT and
MRI. The patients were treated between June 2011 and
April 2013. The fractures were classified according to
Denis et al. [3]. To estimate the extent of demineralisation
of the axial skeleton, bone density was determined in all
patients by means of quantitative computed tomography
(QCT).
Conservative treatment initially performed over a period
of 3 weeks did not bring any satisfactory reduction of the
severe, disabling pain. The indication for intervention was
established after an interdisciplinary case conference with
specialists in geriatrics/internal medicine, orthopaedic/
trauma surgeons, neurosurgeons and interventional radiol-
ogists. The cement augmentation was performed with CT-
guidance by RFS under intubation anaesthesia and anaes-
thetic monitoring. Single-shot antibiotic prophylaxis was
given routinely (cefazoline 2 g i.v.) immediately prior to
the intervention. Under sterile conditions, a 10 G Jamshidi
needle was then advanced into the respective fracture zone
in the sacrum from dorsal to ventral (short axis) or from
lateral to medial transiliac (transiliac axis) (Fig. 1) [3].
After removing the inner needle, an 11.5 G flexible midline
osteotome was inserted through the positioned hollow
needle and used to extend the spongious space in the
fracture zone and thus prepare a cavity for the cement
filling. The highly viscous polymethyl methacrylate
(PMMA) cement (StabiliT ER2 Bone Cement made by
DFine Europe GmbH), activated by radiofrequency, was
then inserted into the prepared fracture zone through a
substituted screw cannula. Cement filling was performed
discontinuously under instrumental guidance at 1.3 ml/min
(StabiliT Vertebral Augmentation System—Radiofre-
quency Kyphoplasty by DFine Europe GmbH) under CT
guidance. Cement leakages were determined in CT images
and conventional X-rays on the day after the intervention.
Pain was documented on a visual analogue scale (VAS) on
the day before the intervention, on the second day, and
after 6 and 12 months after the intervention. Additionally
occurring complications were recorded, and the patients
were asked to state how satisfied they were in a standard-
ised questionnaire after 12 months.
Patients with additional fractures in the pelvic ring were
excluded from the study.
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The results were tested for significance by means of rank
variance analysis for several matched samples according to
Friedman.
Results
With regard to fracture type, a bilateral Denis 1 was found
six times, a bilateral Denis 1–2 twice, a unilateral Denis 1
seven times, and a unilateral Denis 1–2 fracture zone five
times. A pure Denis 2 or Denis 3 fracture zone was not
found.
A severe demineralisation with bone mineral content
values markedly below 50 mg/ml was determined in all
patients.
RFS was technically feasible in all patients. The cement
was inserted exclusively using an approach via the short
axis in the case of Denis 1 fracture zones, while an
approach via the transiliac axis was used in a few of the
cases with Denis 1–2 fracture zones. The calculated mean
effective dose for the intervention was 4.0 mSv (SD
0.8 mSv).
In the control CT scans and X-rays, sufficient cement
distribution and interlocking with vital bone was found
along the course of the fracture in the sacrum. An average
of 7.2 (4–9) ml of cement was inserted per fracture.
Leakage was ruled out in all cases (Figs. 2, 3). The mean
pain score on the VAS was 8.8 ± 1.2 before the inter-
vention, and a significant reduction in pain (p \ 0.001) was
seen on the second postoperative day, with an average
value of 2.3 ± 0.7, which was stable at 2.2 ± 1.3 after
6 months and 2.1 ± 1.1 after 12 months (Fig. 4). Now that
they no longer experienced disabling pain, the patients
could be fully re-mobilised and discharged back home. The
mean inpatient hospital stay after sacroplasty was 4 days.
A high level of patient satisfaction was found after
12 months, with 18 of the 20 patients stating that they
would undergo the intervention again. One patient died of a
stroke, another of cancer over the course. No renewed
fracture was detected in the 18 of 20 patients over the
further course. Intervention-related infection, bleeding or
increased mortality was not found.
Discussion
The conservative therapy of sacral insufficiency fractures
with immobilisation and pharmacotherapy of pain and
osteoporosis [18] leads to an increase in other comorbidi-
ties as a result of the immobilisation and often only brings
clinical improvement in the long term [5, 19]. Since a rapid
analgesic effect with a positive effect on mobility and the
activities of daily living has been repeatedly shown after
sacroplasty [4, 8, 9, 11, 13, 14], this therapeutic option
should be taken after an unsuccessful attempt at conser-
vative treatment with persistent disabling pain. Cement
augmentation analogous to vertebroplasty [8–10] or bal-
loon kyphoplasty [4, 9, 11, 13, 14] come into question here.
Greater clinical experience has been gained in cement
insertion via a placed hollow needle in accordance with
vertebroplasty, although higher rates of cement leakage are
experienced here, as in the treatment of vertebral body
Fig. 1 The fracture zones
according to Denis et al. [3] are
indicated on the left-hand side.
The approaches used via the
short and transiliac axis are
shown on the right-hand side
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fractures [9, 10]. A central cavity for insertion of the
cement can be created using a balloon catheter, whereby a
compaction of the surrounding fracture zone seals possible
fracture fissures and thus minimises cement leakage [4, 12–
14]. On the basis of good clinical experience [20, 21] with
regard to pain reduction, a low rate of leakage and vertebral
body reconstruction with highly viscous cement insertion
by means of radiofrequency kyphoplasty on the spine and
initial good results after RFS with regard to pain reduction
Fig. 2 a Axial CT image of a Denis 1 fracture zone of the sacrum on
the right. b Preparation of the fracture zone with the flexible
osteotome. c Instrumentally guided cement insertion. d In the axial
CT image and e in coronal reformation, presentation of the cement
plug in the fracture zone. Taking into account both sectional planes,
cement leakage can be ruled out
Fig. 3 Treatment of a Denis 1 fracture zone on the right and of a
Denis 1 and 2 fracture zone on the left. The approach was via the
short axis on the right and via the transiliac axis on the left. On both
sides, a central cement plug can be seen in the fracture zone. A
cement leakage in the direction of the neuroforamina, iliosacral joints
or visceral surface of the sacrum can be ruled out
Fig. 4 Pain development before and after the RFS. Before the
intervention, there was a high pain level of on average 8.8 score
points. As early as the second postoperative day, a significant pain
reduction to an average of 2.3 score points can be seen. This remained
consistently stable over the further course, at 2.2 after 6 months and
2.1 after 12 months
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[15–17], we also treated 20 patients with osteoporotic
insufficiency fractures of the sacrum by means of radio-
frequency-guided cement insertion. As reported by Klin-
gler et al. [16] and Eichler et al. [17], we also observed a
significant pain reduction in all patients. Klingler et al. [16]
found asymptomatic PMMA leakages in 100 % of their
cases and Eichler et al. in 5.5 %, in contrast to 0 % in our
study. The approaches selected were possibly disadvanta-
geous, taking into account the complex anatomy of the
sacrum, as the approach chosen in the two studies was via
the long axis [22], whereas we chose an approach via the
short or transiliac axis [23, 24]. A further advantage of the
short and transiliac axis is the imaging of the entire needle
of the application system in the axial CT image. Here,
individual CT images can be examined during cement
application to predict and prevent a leakage, whereby the
possibility of interrupting hydraulic insertion of the highly
viscous cement by remote control is a great advantage [25].
In our opinion, the procedure should be done under CT
guidance due to the fact that under fluoroscopy the reduced
bone structure, as usually found in osteoporotic patients, as
well as the complex three-dimensional anatomy of the
sacrum can not be reliably visualised. As a minimally
invasive procedure, RFS is an effective, safe method of
treatment for rapid, significant and sustained pain reduc-
tion. In the case of CT-guided RFS, the approaches via the
short or transiliac axis appear to be the safest. Based on the
available evidence RFS is an option to treat sacral fractures
after failed conservative treatment.
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